Three new complexes derived from 2-(4-(pyridin-2-yl)piperazin-1-yl)acetic acid (HL), [M(L) (3), have been synthesized and characterized by IR spectroscopy, elemental analysis and X-ray crystallography. The inhibitory activity of these three complexes against MAO-B was tested in vitro, and the molecular docking experiments were also carried out to rationalize their binding models. Both the experimental and docking simulation results indicated that complex 1 has the best inhibitory activity with IC 50 value being 6.5 ± 0.31 μM.
Introduction
Monoamine oxidases (MAOs, EC 1.4.3.4) are well known enzymes bound to the outer membrane of mitochondria through a C-terminal transmembrane helix and catalyze the oxidative deamination of monoamine neurotransmitters in the central nervous system. [1] [2] [3] MAOs occur in two forms designated as MAO-A and MAO-B, which have different substrate preference and inhibitor specificity. 4, 5 An increase of the dopamine levels as well as a neuroprotective effect can be observed following the inhibition of MAO-B. 6 Therefore, MAO-B inhibitors can be used to treat the neurodegenerative disorders such as Aizheimer's disease (AD) and Parkinson's disease (PD). [7] [8] [9] Kinds of heterocyclic scaffolds such as chalcone, 10 coumarin, 11 pyrazoline 12 and oxadiazole 13 derivatives have been demonstrated as MAO-B inhibitors. Recently, pyridoxine-resveratrol hybrids Mannich base derivatives have been reported as MAO-B inhibitors by Yang et al. 14 As mentioned above, most reported MAO-B inhibitors are organic heterocyclic molecules while MAO-B inhibitors based on metal complexes are seldom discussed. In our earlier work, we investigated the urease inhibitors and the MAO-B inhibitory activity of metal complexes. 15, 16 The inhibitory activities of these bioactive complexes are affected by the central metal and the coordination modes of the ligand. As a continuation of our study, in this paper, three new complexes [M(L) 2 (2) and Cd II (3), were obtained derived from 2-(4-(pyridin-2-yl)piperazin-1-yl)acetic acid (HL) and corresponding metal nitrates. Herein, the synthesis, characterization, MAO-B inhibitory activity and molecular docking are presented.
Experimental Section

1. Materials and Methods
All chemicals and solvents were analytical reagent grade and purchased from Aladdin Industrial Corporation (China). They were used without purification. Elemental analyses for C, H, and N were conducted using the Pregl-Dumas technique on a Thermo Fischer Flash EA1112. FT-IR spectra were recorded from 400-4000 cm −1 on a Nicolet 750 Magna IR spectrometer using KBr pellets. The enzyme inhibitory activity was measured on a Bio-Tek Synergy™ HT Microplate reader.
Synthesis of 2-(4-(pyridin-2-yl)piperazin-1-yl)acetic Acid (HL)
HL was prepared according to the method reported with suitable modification.
17,18 1-(pyridin-2-yl)piperazine (1.00 g, 0.0060 mol), bromoacetic acid (2.50 g, 0.0179 mol), and potassium hydroxide (1.50 g, 0.267 mol) were dissolved in 30 mL absolute ethanol. The mixture was refluxed for 10 h. When the reaction was finished, the solution was cooled to room temperature and neutralized with 1 M HCl. White precipitate was filtered to give HL (1.01 g, 74%).
3. General Procedure for the Synthesis of Complexes 1-3
Nitrate (0.040 mmol) was dissolved in 4 mL of methanol solution which was carefully layered on the top of 4 mL water solution of HL (8.84 mg, 0.040 mmol) and KOH (2.24 mg, 0.040 mmol). The solutions were left for a few days at room temperature and then the crystals were obtained.
[Cu(L) 2 
4. X-ray Crystallography
Diffraction intensities for the complexes were collected at 298(2) K using a Bruker D8 VENTURE PHOTON diffractometer with Mo-Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods and refined against F 2 by full-matrix least-squares methods using the SHELXTL-97. 19, 20 All non-hydrogen atoms were refined anisotropically, the water H atoms in the complexes were located in difference Fourier maps and refined isotropically with O-H distances restrained to 0.85 (1) . All other H atoms were placed in idealized positions and constrained to ride on their parent atoms. Details of the crystal parameters, data collection, and refinement are listed in Table 1 . The selected bond length and angle data are given in Table  2 . The hydrogen bonding data are summarized in Table 3 .
5. Rat Brain MAO-B Inhibition Assay
MAO-B was obtained from wista mice with the method that was reported earlier. 21 The content of MAO-B was detected by MU30905 ELISA Kit (details in supplementary materials). 22 The MAO-B inhibitory properties of complex 1-3 were carried out as it was reported previously. 23 
6. Molecular Docking
Molecular docking of complexes 1-3 with the active site of human MAO-B (3LA4) was performed by the AUT-ODOCK 4.2 program suite. The graphical user interface AutoDockTools (ADT) was performed to setup every inhibitor enzyme interaction, where all hydrogen atoms were added, Gasteiger charges were calculated and non-polar hydrogen atoms were merged to carbon atoms. The result file was saved as pdbqt file. The 3D structures of ligand molecules were saved in Mol2 format with the aid of the program Mercury 3.0. The partial charges of Mol2 file were further modified by using the ADT package (version 1.5.4) so that the charges of the non-polar hydrogen atoms would be assigned to the atom to which the hydrogen is attached. The choice of the flexible bonds in the ligands was in accordance with SP3 hybridization. The nitrogen atoms of ligands in complexes 1-3 were assembled as non-protonated. The resulting file was saved as pdbqt file.
The AutoDock Vina docking procedure was used to generate the docking output files. 24 In all docking, a grid box size of 60 × 60 × 60 pointing in x, y and z directions was built, the maps were centered on N5 atom of FAD600. 25, 26 A grid spacing of 0.375 Å and a distances-dependent function of the dielectric constant were used for the calculation of the energetic map. Default parameters were used except nummodes, which was set to 10. The results of the most favorable free energy of binding were selected as the resultant complex structures. At the end of the docking, the result was analyzed using Pymol 2.5 program.
Results and Discussion
1. IR Spectroscopy
The IR spectra of these complexes were similar. They all show broad band ranging from 3500 cm -1 to 3300 cm , which means that the coordination mode of the carboxyl group in these complexes is monodentate. 
2. Description of Crystal Structures
Complex 1 crystallizes in triclinic space group P-1, while complexes 2 and 3 crystallize in monoclinic space group P2 1 /c. As shown in Figure 1 , these three complexes possess very similar mononuclear structure, so only the structure of 1 is described here in detail. As shown in Figure 1(a) , one asymmetric unit contained half of the complex molecule [Cu(L) 2 (H 2 O) 2 ]. Every mononuclear complex molecule included one copper ion, two ligand molecules and two coordinated water molecules. Ligand L behaves as a bidentate ligand resulting in the forming of a novel distorted five-membered heterocyclic ring around copper ion. These two five-membered rings are coplanar. The equatorial plane is surrounded by two O-atom donors (O2 and O2a) and two N-atom donors (N1 and N1a) from two L ligands, while the axial positions are occupied by O-atom donors (O3 and O3a) from two coordinated water molecules. In addition, the sum of the equatorial angles N1-Cu1-O2, O2-Cu1-N1a, N1a-Cu1-O2a and O2a-Cu-N1 for complex 1 (= 360.00°) is equal to the ideal value (360.00°), which ensures the planarity of equatorial plane. The axial Cu-O average distance (2.866 Å) is longer than the equatorial Cu-O average distance (2.048 Å) and Cu-N average distance (1.922 Å), showing the stretched tetrahedroid surrounding the Cu(II) center. Compared with the other piperazine-Cu(II) complexes, the Cu-O Symmetry codea: (a) 1 -x, 1 -y, -z for 1; 1 -x, 2 -y, 2 -z for 2 and 1 -x, -y, 1 -z for 3. 
Inhibitory Activity Against MAO-B
Statistical analyses of data were performed using SPSS 19.0 program. Data reported as means ± SEM for three independent samples in duplicate. Statistical differences between the groups were considered significant if the p value was < 0.05. Specific results please see Table 4 . It was found that compared with iproniazid phosphate as the positive control (IP, IC 50 = 7.59 ± 1.17 μM), 30 complex 1 (IC 50 = 6.52 ± 0.31 µM) had good inhibitory activity on MA0-B, while complexes 2 and 3 (IC 50 > 100µM) showed no inhibitory activity. Both Cu(NO 3 ) 2 and ligands have a certain inhibitory capacity for monoamine oxidase, after the two combine to form a complex 1, complex 1 showed good inhibitory activity, therefore, they show certain synergistic effects.
4. Molecular Docking
The binding models of complexes 1, 2, 3 with MAO-B (1S3E) were simulated using the AutoDock Vina docking program to validate their structure-activity relationships. The docking results show that only the complex 1 has good binding with the active site of MAO-B (1S3E).
The binding model of complex 1 and 1S3E is shown in Figure 4 . All amino acid residues around complex 1 are shown. In the binding model, the main stabilizing factors that stabilize the Cu(L) 2 -1S3E complex are the hydrophobic contacts and hydrogen bonding interactions. The O1 atom in complex 1 serves as a hydrogen bond acceptor re- Table 3 . Geometrical parameters for hydrogen bonds for 1 
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Conclusion
This paper reports that synthesis, crystal structure, molecular docking, and monoamine oxidase B inhibitory activities of three transition metal complexes with 2-(4-(pyridin-2-yl)piperazin-1-yl)acetic acid ligand. Molecular docking assay showed the potential binding model of complex 1 with MAO-B. The complex 1 exhibits MAO-B inhibiting activity in vitro at micromole concentrations (IC 50 = 6.5 ± 0.31 μM), whereas complex 2 and 3 exhibits no MAO-B inhibiting activity (IC 50 > 100 μM). Now, we are synthesizing specific compounds that inhibit the MAO-B based on the complex 1 structure.
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